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NORMAL MODE ANALYSIS OF A ROTATING GROUP UV
LASHED TURBINE BLADES Y SUBSTRUCTURES

By A. W. Filstrup

Westinghouse Research and Development Center
SUMMARY

A group of 5 lashed identical steam turbine blades i{s studied through the
usc of single level substructuring using NASTRAN Level 15.1. An altered
version, similar to DMAP Program Number 3 of the NASTRAN Newsletter, of Rigid
Format 13.0 was used. Steady-state displacements and stresses due to
centrifugal loads are obtained both without and with consideration of
differential stiffness. The normal mode calculations were performed for
blades at rest and at operating speed. Substructuring lowered the computation
costs of the analysis by a factor of four.
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INTRODUCTION

Triangular plate elements have been used by Westinghouse and others (see
Ref. 1) in NASTRAN to analyze rotating turbine blades.

There was a nced to analyze a group of five lashed 0.79-m (3l-inch) steam
turbine blades for operation at 60 revolutions per second. Steady-state
displacements and stresses were needed as well as the natural frequencies, mode

shapes, and stress patterns.

Based on NASTRAN calculations on a single 0.79-m blade with associated
lashing wires, it was decided that a finite element mesh of 700 CTRIA2 elements
and 407 giid points would be used to represent each turbine blade. The root
flexibility was approximated by 11 CELAS2 elements.

It was discovered that approximately two hundred degrees of freedom would
be required in the a-set fo: each blade using Guyan reduction, if accurate
stress results were to be found for the modes to be evaluated. Whether or not
Guyan reduction was to be used and whether the inverse power or Givens method
were used for the eigenvalue oxtraction, it was apparent that calculation costs
would have been prohibitive if substructuring were not used.

This pap:v describes the successful substructuring analysis of the group
of blades. Th+ steady-state stresses were obtained for operation at 60
revolutions per second and the natural frequencies were obtained for the first
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nine modes at both 0 revolutions per second and at 60 revolutions per second.
METHOD OF ANALYSIS

The finite element mesh used to represent a turbine blade or substructure
is shown in Fis. 1. The middle sections of the lashing wires and airfoil are si
Each lashing wire actually resembles 4 variable thickness plate more than a wirs
The auxiliary program which produces these plots views normal to the middle
surface of the lashing wire. The airfeil is highly twisted, and near the base
it is highly curved. No one viewing angle could provide a clear representation
of element layout. Thus the auxiliary program which produces the element
geometry and isostress plots opens up each cross section. Different scales are
used for the lashing wires than for the airfoil in figure 1.

Each blade or substructure has 407 grid points. The 2442 degrees of
freedom associated with these points are reduced through single point constraint’
and omits to an a-set of 301 degrees of freedom. One hundred twenty of these
degrees of freedom are at the tips of the lashing wires and are required for
connecting adjacent blades or substructures. Sixty degrees of freedom are
common between adjacent blades.

The combined matrices for the group of five blades then has 1505 less four
times sixty or 1265 degrees of freedom. Single point constraints to remove
rotations about the normals to the surface of the exterior lashing wires reduce
the system of equations to be solved to 1245. The half-bandwidth is 301 with
no active columns. No secondary Guyan reduction was performed to reduce the
number of degrees of freedom as the resulting bandwidth would have to be
significantly Jarger than 301 for accurate results. The inverse power method
with shifts was used to solve the eigenvalue problems.

The identical substructure concept as describec¢ in Sec. 1.10.5 of refeor-
ence 2 was used. Five phases were required as shown in figure 2. In some cascs
it was decmed advisible to use more than the one user tape shown butween phases. .
Even though the differential stiffness would be somewhat different for each of ~
the five substructures, only one (the center blade) was generated in Phase 111l
and used in Phase IV. This approach reduced the total calculation ccsts by :
about 20X. The ..accuracies of this approximation were folt to be about the 3
samc as those due to s-me of the other approximations made. Runs IV and V were -
split into several parts to enable shorter individual rums.

-

The mesh for the airfoil was generated by a preprocessor computer program.
The meshes for the platform and the two lashing wires were generated by hand.
The isostress lines for the centrifugal loading and for the scaled eigenvectors
for the airfoil and lashing wires were plotted with a postprocessor computer
program which reads images of punched element stress cards. A

STRESS (PRINT ,PUNCH) = ALL
card was placed 1ia the Case Control Deck. However, job control cards were used
to store the card images on two disks and to prevent the punching of cards.
Over two hundred thousand card images were produced in the Phase V runs. An
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intermediate program was written to enable the isostress plotting program to
handle the stress information on the disk more efficiently.

Table 1 shows the calculation times for the substructuring analvsis for

each phase. The mesh was generated on a CDC 6600 computer and the other runs
were made on an IBM 370-165 computar.

Table 2 shows the projected calculation times for the analysis of five
blades without substructuriag provided enough disk space were available which
is extre.aely doubcful. Tn addition, checkpointing and restarting would be
essential due to the extremely long total running times. However, lLevel 15.1
NASTRAN requires that this be done on a single physical tape which obviously
would not hold enough information. The user would be required to use DMAP
statements to transfer data from one run to lnother on user tapes rather than

checkpoint tapes. Even then, some matrices might be too large to fit on a
single tape.

When costs of the CALCOMP plotter are added to the computer ccsts shown, ]
the total cost for a nonsubstructuring analysis, if possible, would have been

abeut four times the total cost of the substructuring analysis performed in
this study.

The arrangement of the NASTRAN decks including the Executive Control Decks
are shown in the appendix.

RESULTS AND DISCUSSION

The natural requencies, mode shapes, and stresses for the first nine modes
of a group of five lashed rotating steam turbine blades were f 'nd. The
natural frequencies, in general, agreed well with experimental values.

A Campbell Diagram was rrepared to determine possible resonances during
various operating conditions.

The pseudo steady-state deformations and stresses due to the centrifugal
forces at operating speed were found. This enables the calculations «.f the .
fluid flow through the row of blades through the passages that actually occur
in operation and not through the passages in the undeformed condition. Thus,
NASTRAN provides the designer of flexible turbine blades with a tool to belp
obtain near optimal fluid flow characteristics between the airfoils.

. Y
PR X N

A sample isostress plot for wie of ‘he surfaces for one of the b_ades for N
one of the modes is shown in figure ..

-
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RECOMMENDATIONS

1. NASTRAN Level 15 with its substructuring capability can and should be
used for many structural problems.

2. When preparing data for large problems, a mesh genmerztor computer
program should be used as much as p-ssible.

3. For very rigid rotating turbine blsdes or blade groups, Rigid Formatsl
and 3 will give accurate results and should be used. For more fiexible blades,
Rigid Formats 4 and 13, which include the differential stiffness matrix shculd
be used. For even more flexible blades, it may be necessary to ALTER the
centripetal acceleration matrix (see Ref. 3) into Rigid Formats 4 and 13.

4. In order to encourage more users to use the substructure capability of
NASTRAN and in order to reduce the effort of the user in creating and checking
DMAP packages and substructuring data, it is urged that substructuring be made
more automatic (see Ref. 4).

5. Rigid Format 13 should be documented in the NASTRAN documentation.

ACKNOWLEDGEMENTS

The author would like to tvhank Mr. Yung Fan for making the computer runs
and Mr. Carl Hennrich for his advice throughout the NASTRAN phase of the study.

CONCLUSIONS

1. The determination of the natural frequencies, mode shapes and states of
stress for lashed rotating and non~rotating steam turbine blades is feasible
using the general purpose computer prcgram NASTRAN.

2. Substructuring can greatly reduce the computer costs of large problems.
For the analysis performed here, the total computer expenses including mesh
generation and stress plotting were one-fourth what they would have been
without substructuring. The NASTRAN runs cost one-sixth as much using
substructuring than they would have cost without substructuring.

3. Choice of the proper root flexibility is important to produce accurate
frequencies and stresses for all modes.

4., Mode shapes and isostress lines for the fifth through ninth modes
varied significantly between those found at 0 revolutions per second and those
found at 60 revolutions per second. This variation is due both to the flexi-
bility of the blade group and to the coupling between modes as the frequencies
are close together. The mode shape of the fifth mode at zero revolutions per
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second is similar to the mode shape of the sixth mode at 60 revolutions per
second.
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APPENDIX

NESTEAM SHASTRUCTYEE ANLLYSIS
NIcEEDEYTIAL STIE=M2SS MAPAL AND STATIC SOLUTION
IFENTICAL SUsSTINCTYRES
LISTING PF —cefHASE |va=
CINITIEZE SUBSTEYCTUYRT ANALYSIS)

1D CIEFMOD,PHLSE]
DIAG 24R412,14
aAPP PSP
TIME 2€
SOt 11,9
CHKPMNT ¥F S
ALTEF 60,40
SUMAZ GRT W KGGX/KGO/VeNoLUSET/V Ny NCGENL/ VN NOSIND S
ALTER 74
JUMt LoLxs
AL TER 78
LAAFL LAL XS
ALYER R4
FBS LID,UUN,PN/UCCVE
CHKPNT UD0VE
OQUTPUTL KAA,PL,PARVECTYI ,PARVECT24P2RVECTI//CoNy=1/C 4N, 0$
DUTPUTY PARVECTL (PARVECTS 4 ¢//CoeMNeO/CyN, 08
ALYER /T 14€
ALTER 15 182
ENDAL TER
CEND
(CASE CONTRQOL DECK)
REGIN BULK
CINALINE AL NFC®=9SARY STR TURAL DATA PLUS THE SUBSTRUCTURING
MATRIX OPERATNARS }
ENCCATA
ENDe ¢ INCLYCE THIS CARD FOR 18M 3407370

~==C LVHENTS---
DISP APPROACH,
ALL AMALYSIS SETV DEGREES N° FREEDOM SHOULD RE INCLUDED ON ASET CARDS.
PAETITIONINA VECTORS WHICH PROVINE THE INFORMATION OF H0w THESE
SURSTRUCTURES ARE TIEN TOGETHER, MUST PE INCLUDED IN BULK DATA CARCS.
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MASTRAN SUACTIHFTYRE AMALYSITS
SIFFERENTIAL STIFFMNESS MODAL ANS STATIC SOLUTION
ICENTITAL SURSTCUYCTUYRES
LISTING OF ==~PHASF [le=a
(STATIC SUBSTRUZLTURE COUPILTG ANALYSIS)

1Y DIEPYNM,PHARE?
TIME 319
APP DMAD
DIAC 2,3,1%,14
ArnIng
PAER LM [7C Ny MOD Y TyF==1¢
[NPUTTL /KAL,PLy oo /0 eNoe=2/7C oty 1¢ [Pl
FILE KAA=SAVE/P| =SAVE S
LASTL LCOO9YY
ITMPUTTY /8,440 /0o M0/ oM, 1 8
MERGE g o0 oXKAAE,/KGOTE
ADN KGGKNAOT/KTE
ENUIV KT KGG/TENEE
MEFGFE . oPLyeesT/PGT/CNyels P
ADD PGLPCT/PTS )
EQUIY PT,PG/TRUEY
REFT LNNPIO .4t
PARTA KAG,SPCV/KRED o0 /CoN,=18
DARTN PGy sSPOV/PREDy 4o /CoNyl1t
SOLVE KFED,PRED/NLVT/CNolS
MATORN ULVTye0e//8
vEQ(GE, ULVT'""QDrV/”LVTT/CIN'1$
MATRRN UL VTTheee/7t
% WRITE (ISFC9S YAOE FOR PHASE 3 NATA PECOVEDY,
INPUTTY /Zyaee/CoNe=3/CoeMols InNoY
INPUTTY Jygna/ToMs2/0 4Ny 18 INFY
CUTPUTYy seee//CoNy=1¢
LAREL LOCPZA
INPUTTY /Quoens /0o MeO/T 4Ny E
MATPPN Qegoe//¢
DARTN ULVTT ¢ oQ/ ULV yo/CeNol$
MATPRNM ULVasse//%
NTEYTL Q ULV y o //$INPT
PEDT LOOP I 44
BUTPUT Yy aang /0 1y=3¢
ENDS
~ZNn
(CASE CONTErL DIfK)
AaFGIN RULK
TMFLHCE MATRIX CPFRATNRS
FNICATA
ENPe ¢ INCLYNE THIS (ASD FNR [RM 246)/37)

ceal(IYMENTS 1aa
DMAP APPTQOACHH,
REPEATING LOUPS,
ADDITIONAL STNGL® POINT CONSTRAINTS ARE APPLIEN VIA MATRIX PARTITION,
RARTITIONING VFCTOR SOCV MUST RE INCLUDED IN BULK NATA DECK,
THE BULK OATA DFCx MUST INMCLUDE THE DMI CARDS FOR THE INITIALI-
ZATION D& KGG &ND PG ‘i
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MEASTRAN SYBSTYRYCTHRE ANALYSIS
DIFFEREXTIAL STIFFNFSS MODAL AND STATIC SOLUTICN
ICENT IC AL SURSTRIFTHPES
LISTING NF ==<pHASE T]]lewa
(SYATIC DATA CFCOVERY AND INITIAL NIEFERENTIAL STIFFNESSH

[0 CIFENYN,PHASES
3 . OIAG 248,13,14
: ADP NISD
SnAL 13,0
CHKPNT v€S
TIME TN
ALTYES 3,7
i ALTFR 19,93
INPUTT Y Jagos/C o Ny=1¢
QUTENT Yy gyen /70 e=~170 0,18
PAR M S/C W Ny NNP/V Ny MARK =21
SAVE MAFK S
PARLYA //CNeMNNIP/V W RLADE=N 8
JUMP L NFaas
LAREL LNNPS2y
PARLM /0ot W ARD/V ity FLANE/V  NGRLADE/C 4Ny 1 8
PRTECARM //7 40 /C Ny RLADE ¢
INPUTTYL ZE UV Veen 7T 4N 08
ALTEP 1013
FILE XKRALL=SAVE/MAL=RAVE/DRL=SAVE ¢
PARAM /70 oMo SUBR/V M MADK/V Ny ARK /T Ny 18
PRTIPARM //C oM yN/F 4Ny YARK S
X : CONP DIFF2 %40k ¢
o JUMP Sk IPDF¢
LABEL DIFF3y
PAFLAM J/C NG AND/V oMo MARK/ZV NG MAL K/, Ny 1008
ALYE? 104
o . SAVE FSCCSET S
o ALTER 105,105
ALTER 106,107

e vy Y A TR

v AP n ey v

cQYIV KOGG o KONM/MPCER /MGGy MNN/MDCF2 S
ALTFR 108,108
ALTER 110,110
MCE? USET oGN oKDGH ¢MGG, o ZKCHINGMNN 4 o &
ALTEP 114,114
3 ALTER 114,11k
SCEL USET o KDNMNMMN, o /KDFF (KNFES  KDSS ¢ MFF 4,8

ALTE® 117,117
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CHKPNT KDFS ¢
. ALTFER 120,120
. ALTFE 126,124
: ALTER 12¢
[NTRRY DL, PYL /PSCOSET/PSPHS/NSIOSET/Y S, YBS/NDSCOSFT/UQOV ,UBLLV/
N DSCOSETS
CHKPNT PBL,PBS,YBS,UBOCVS
PACAM //C o MeMPY/V N NDSKIP/C o NsO/ ™ 4N oD S
H DS MG?2 MPT g KELAKEAA JKFS KDFSeKSSeKDSSoyPLyPSHyYSyUIOV/KELL KBFS,KBSS,
PAL ZPPC,YBS,UROIV/VINGNDSKTIP/V N GRZPEATO/V N, DSCISETS
SEVF NNSKIP,REPEATH 8
f CHXPNT KBLL KBES o KESS oPRLWPBS,YES,URBODV §
. LABEL SKIPDF¢
hl f"lTple] E"v'//CQNvO/C|N'1‘
M REPT LOOF99,6 4
¥ NITFYT L KBLL yMAAGPPL,y //CyN4O/CoNo1t
¢ JUMP EINISE
T ENOALTFR
E s
. $ CHECKFEQINT NICTINMAYY ENTER HFOF
. H "o
: CEND
N (CASF CrMNTRAL FCCKY
{ REGIN RILK
N ENCDATA
END* & INCLIODE THIS CARP FAF [4M 34Q/770
---cr“JN‘FHTS---
[ APDPPNACH DISP,
, PECTART,
a% REPFATING LITRS,
THE DIEFIEFNTIAL STIFEMESS MATE [CFES "AY A8 CINSIWRD AS INENTICAL
FORP ALL SURSTRUFTURES P2OVINZD THAT THE RIUNPDERY =FEFCTS AT NOT LA<GE.
FOR SAVING COMPUTING TIME, THE CCYUTER BLANE DIFFFIENTIAL STISFNESS -
oy MATRIX 1S CHOSEN TO REPRFSFNT AlLe.
& FOR GEMERATINN THT A=SET QOICF-RENTTAL STIFFANFSS MATRIX, THE ySFe
MAY FITHER CHODSF T USE VMTOYLE SYMPL Nk SMP2, THT LZTER IS USED IN
THIS ANALYSIS,
SCYE NATE SETS IN CHKONT STATFARENTS ARF SELECTIVELY DELETSD, =0R
MASTRAN [CES NPT ALLNW MJLTI=RFF CHFCK=PNINT TAPE, WMENCEZ CANNIT
ATCOMMNNATE ALL THE LARGE SI7€ NATA SETS, PROGFAM INTESRUPTIUN
AOULD OCCNRE [TF THFE CHECK=POINT TAPF HAD REACHED TU AN BND, -
! z ccasccecncnca
X
3
}
3
$
*
3
®
&
I .
Ed
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NASTEAN SUNSTRYLTUSE ANALYSIS

CIFFERENTIAL CSTIFRENESS MCCAL AN STATIC SOLUTINN
[NEUTICAL SURSTENCTHRES

LISTING 0OfF ===fHELSE [V==-

(CIFFERENTIAL STIFANESS STITIC AND DY NAMIC CIUPLING AMALYSIS)

10 CIFFDYN,PHASEL

NTAG 2,3,13,14,1¢

APP DISP

TIME 130

SOt 13,9

ALTEO Y

PARAY /0 N yhiDP/V, L, TRy ==1 8

raTa

ALTIKS

$ THYZ USSD £S PATAMETIR % 229lv 3TLTEMINTS TQ Toulvatzt(E

$

$ THAP ALTER, SOL 13,0 PHASE Tv,

$ REPEATING LOOP,

$ CFIT, SPC, MPC A*D SYPPORT (iB0S ASE PERMITTED wWEAE

$

$ USER MUS™ uSf SPOINT CARD TQ EN23L® JSE OF SPC AND MPC CASDS
$ USER MYST CREATE NULL SNUA-E w«T AND MT ~AT0 ICES wlITH DML CARCS 1IN
$ THE BULK DATA OECK

$

ALTFR 6,41

ALTED £R,50

ALYER 24,110 ¢ SKIP STATIC SOLUTIOY AND FORVULATION FF DIFFEQINTIAL

| STIFENESS MATE I
INPUTTY Zageo/CoMy=3%

INPUTTY /KCRR (MEE DR Lo/ CogN 4870, 3008 Sk1P § 8LOCKS A%D READ INOT,

FILE KCRP=SAVE/“BB=X3VE/PRL=SAVEY
INPUTTY /4y e/l ety =3% Pealan INPT,
JUvE LNCEGY ¢

LABEL LOOPYGE SZpM 28D (JM@INT FAITIT] ™, STIFENZSS AND “iSS MATAICES

IMPUTTY /E,444/0,MN,08
MERGE y 499 KDRBIE, /KDIATLE
AND KT 4KNLATY/«TTY
ENUIV XTT KT/TO ES
MERGE, o+ o sMRR,E,/VML2T] S
ARD MT MARTL/NTTS

EQUIV MTT,MT/TFyES
MEOGE, oPBLy e o F/OBT/C oMyl

ADD PR,PRT/PTS

FQUIV PT,PR/TCYSS

AEPT LNOPYO,St TATAL MATR (=S Iw FRFVED

EAUIV KT KOMYI/VECED / MT uNN/4Dr 2 ¢

COND LRLZD,MOCF? ¢

WPEEY JSEBY ,05/GM

MPTY GRET M KT (MT, 7 NN YN, 8

ALTES 11k,201¢

SCRY URET S ROMNYMNN, o /<DFE,w "Fq s “CC MFF, 8
ALTEP 122,122

SUP L ISET o KR oy o /G0 KDAL GINULL Luld 1LE 20" ULL Tpppne$
ALTFE 128

PAMC2 XDAA/ZLLL ULL ¢

CHXPNT LLL ULL ¢

ENUIV FA,PLAR/NOSET o

FHXPMT DL ¢

C0OMD PHAALY,,* OSEY 8

SSG2 MSET AN YS A RES 0, P/ PR, 0K, D 4
CHRENT POa OCL, = ¢

LAREL PHALLY ¢

EELD PARTITIONING VECTINS FRCM NPT,

SSE3 LLLyWULLrDAAWTLRGNULLY JHULL 2 yNJLLY s POBZYALY  JRIDV G RAULY 4N ) VIV, N\,

OMIT/V Y IPESaa /O Ny 1/VIN,EPST 8

e
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SAvE EPST ¢

FUKEAT HARLY,, UDOV G RULV W RYDY ¢

COMD PHALLZ2,IFES ¢

MAT( LR GPL GUSFT CTL, 23ULV/ /TNl 8

MATOPS  RRLZUSET ,CILJRAUMV//CoNe . ¢

LARFL PHALLZ ¢

SOR1 USET'PngUELV'UEOQV'VS'n“'GMvDQQv(DFSy‘)SSv/UFCVvPQGGvnaz/C'wvl/cv
HNeRKLD ¢

MATEERN POV 00 // ¢

PURGE PBGH,NAG/TEYE ¢

DARAM //C4Me*10P/VIN,SY2=0 ¢

INPUTTY /yano/Cote=3 ¢

BUTEUT Yy qaa e/ /0o MNe=1/C ot y2 ¢ IMP2

JUME LOrPST ¢

LAREL LC7pPaT ¢

PAGLM //CoNeATD/V oo SUB/VINGSH3/T el ¢

PRTYPARM / /0N J/C oMy SR &

TNOYTTY /XYy g9e/C M0 8

Al DARTN UBNRVy o XX/ oU3Vye /T yMal &

By  MATPEN UBVeeee// %

DUTPUTY XX UBVeeo//C 3" s0/CyNy2 ¢ inp2 .

REPT LOOPIT 4 ¢ o

DUTEUT Yy gwea//0 o2 y=3/04%y2 8 [\No2

ALTER 123,145

MATEEN DHIG, 444/ / ¢

PUTFIITYy oo/ /CoNe=t/TuaNo18INDY

O INPUTTY Zoaaa /T o=t

3 DUTETL LAMA g0 o 770" D/ T 4Nl

L 3 DASLY //C oM eNOP/V,* ¢3LATE=D &

L B Juve L00ro8 ¢

LAREL L"OPI8¢% CREFARE 2NC PLATET 2A8TITINZD Z[GENVECTTRS O\ TAPE
DAGAM //C "y AOD/V N BLETE/V My 3LANT/ 000l
k POTFARM ,/rQNiolr'N'ELADE ¢
k INPUTTY /04y es/CoNyD ¢
E MATORAN Qeyen//%
PARTH PHIG+0/4PHI o/l Nl
MATFRN PHT,yoo//¢
ouTePuT] p“lovcu//(!“vO/CoNol,
REPT LODOPQB.S ¢
QUTPHUT L gy qyay /0 oMy=3/0 4Nyl &
ENDALTER
. CEND
(CASE CIMTROL "ECK) _
. BEGIN RULX T
" INCLUDE MATRIX NOTRATQPS
- INCLIIDE PREUCASTRNCTUS E CAT: "
B o ENNCATA
ENDa ¢ IACLUDE T=IS FAFN ETR [AM 34)/37)

o

R R L P S R RO

% .
R ee=CCUMENTSean

' ASDEASCH C1SP,
5 REPEATING LNI0€,
o . SIMILAS TO FuIST ], BUT UST ALTEE € B1G]D FORMAT 13 IN CRrE2 1)
- . ELCE THE [VOLEWFLVATICN )€ APOLYING SECOND JBOEE OMIT ENG COMSTRALNTS
t:a,u FOR CIARSraVALNE FXTRAC TN,

e ND SECAMP CETEER WY 1S A0PL [E0 [N THE PRESENT ANALYSIS,

E, ccmmenceacecsa
ae’
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NTEFFEEETIAL STIEFAFRS 7L L STATIS SOLuUTiON
ICENTICAL Syfe70 17 Tae sy

. LISTINA 72 —eefP=tC8 Veouo

(T2 350 VECY)

! 1N PHARE,CIyES 78| N[e€fuz Tiay
. TimMr s
{ APD O]SP

CIAC Z.R. 13,16

SOL 13,0

: ALTER 29,135

PAR LM F/T 4y NCP/V N TR R 8
TNPLTTY Zuweo/0 st o=3/0 %01 8

§ JUMF LNCP9R ¢
LAYEL L N7OCR ¢
ADD INCICA,PLUSIOND/TEMP ¢

EOUTV  TEMP, IMDICA/TSUE ¢
MLTP PN INRICAs sy o/ / t
GUTEUT A TN C Ly g s o /77 0 ae L /0 oY WMLz MAL 8
IRPUTTY JURY g o /0 Mt /0 4%l
EILE URNOV=SAVE/YRS=CAVE /G282 0/ T M=, 2= /G =S Ly S/ ESaSAVE /TS5 LvE Y/

KACS=CLVvE g
sne 'JSETvQURV"I‘-D(‘VQVE‘SQCCv’;"cr"gv"Fs‘t(HSSc/UﬂqV'q

DRAS/V N JMDSH D/ oDST 8
CHEENT YRAV L QRG ¢
SOR2 CLCBl LT T CIT S OFXING I ILaAPTTLEDT, RAGPDT,,

IRG e IRRVGEST o/ 4 CARGY ZyOHBAVL (RS2, DEFBLPURARYYI /T Ny DN 8
NFP NQRGYOURAVI FESRY (CEFRL, o //VeNLZARTND ¢
REPT LN7PQR 4 ¢
TMPUTTY /LAMA s o/l =28
JUMP LCOPRag
DA La3FL LNnpeay
ACD INDICA,PLUSINNQ/TEND ] t
FoQulv TEMPL L INCICA/TRYS ¢
MATPEN  INDICA,ves// $
QU TPyTy ”-"’chiavtul" .".:/r'V'Ul=V.'._) 3
INPUTTY /DHMT A ,4s/CoNuDS
ALTEZ 14¢
REPY LODOPGQ,st

' ENDALTER
. ]
‘ $ CRECKENINT PICTIFNALY SANTER w~ESE
= :
cemn

N By« Wy > AL S P ey o 3 ol er

«

(CASE rANTECL PECX)
QEGIN PYLK
] FMOMATA
ENRe ¢ INTLUNE TRIC CLZD ErE 8V 245/37)

P

conl CAVENTCnaa
APPETACH PltP,
REPFATING LCCPE,
THYS QYN AENLSTATES L opyCs ivTmyMT TE STRESS OJUTPUT, & OUTPUTI HAS
YT AT RET TO o Mitw THE §YV.TCS SIS, NTWECW]SE [T wIYLD NOT A% gASY
TR BLOY 1T 7 & TLLTNVP PLTTTER,
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NASTRAN SUBSTRUCTURE ANALYSIS

OYNAMIC SOLUTION wITHOUT OIFFERFNTIAY STIFFNESS

CMAP ORNGRAM TO CCMRINE TAPFS

INPUT TAPE INPT CCNTYAINS STIFFNFSS, LOAD AND PASTITINN MATR[CES
(PHASF | OyTPUT)

INPUT TAOE INP1 CCMTATNS MASS MATPIY
(PHASE 111 CuTPyT)

QUTPLUT TAPE INP2

ID TAPES,TwlCNE §

TIME 2

APP DMAP

DIAG 2,8,13,14

BEGIN §

INPUTTL /KBALPLGEL4E2,E3/C4N,~38
INPUTTL /E4,E5.40/CoN,0¢

INPUTTL /4900 /CoNe=2/CyN,18
INPUTTY /MAA¢.so/CoNyd8/CoN,113
QUTPUTLy sa9o//Cohy-1/C,Ny28
OUTPUT] KAA,MAA,F1,F2,E3/ /0 ,NyO/CyNy?$
OUTPUTL F44ES,497/7CoNy0/Coty2¢
OQUTPUT L. 49 e//CyMy=2/CyN,y28
INPUTTL /4y se/CoN,y~38

END ¢

CEND

10 BSVIRA ,PHASE2

TIME 95

APP DISP

DIAG 14248,413,14y106

soL 3,0

ALTER

$

3 DMAP ALTER, SOL 3,0 PHASE 1.

$ REPEATING L0999,

$ CMIT, SPCy MPC A SUPPART CAWDS ARE PENMITYTED HERE.

$

PARAM //C NyNOP/V,N,TRUEN-1§

$ TRUE HSED AS PAPAMETER IN EQUIV STATEMENTS TQ EQUIVALENCE DAYA RLJUCKS
PARAM //C NyNOP/V, Y, ISTESEEN~] §

$ ISYFSFF CONTRNOLS WHETHER PICTORIAL AATRIX PR INTER USED FNR STIFFNESS
3 T SEt UYSF TARAM ISTFSER ) CARD IN BULK DATA DECK

$ MUST RE VARTABLE AS USEU IN COND STATEMENT

PARAM //7C NoeNDP/V Y MASSSFEN-] §

$ MASSSER CUNTOILS WISTHER PICTORTIAL MATRIX PRINTER USED FOR MASS

s TJ SEE uSE DARAA MASSSES | CARD IN BULK DAYA DECK
$ MUST HE A VARIASLE AS USEN (N CIND STATEMENT
ALTER 6,41

INPUTTL /KAAL o MAAL 4o /CoNe=3/C)Nyl 8 INPL — TWO TAPES

$ INPUTTL /7ZoKAAL MAAL49/CoN9=3/CyNy) 8 INPL —= SIX TAPCS

FILE KAALWSAVE/MAALSSAVES

COND SMSEEL+ISTFSEE 3

SEEMAT KAALyvee// 8 PRINTS LIICATI(N UF NCN=ZtPO TERMS OF KAAL MATRIX
LASEL SMSFEL 8
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CONN MMSEEL,MASSSFF

SEEMAT MAAL,y,40//8 PRINTS LICATILYN OF NON-2E30 TERMS UF MAAL MATA]Y
LAREL “MSEELl §

$ PARAA //CyNyNCP/V,N,IPTH) 8 SIX TAPFRS

LABEL LONO29s

$ BEGIN L)OP 99

$§ PARAM //C o NpADD/V o Ny IPT/V NG IPT/L Ny SIx TA2¢S
$ PRTPARM //C Ny 0/C N IPT 8 SIX TAPES
$ INPUTTL / Egpna/CoNe=3/vy iy IPT 8 SIX TAPFES
INPUTTL JC an el 0y s d/CeNgl 8 [vel - Twf TAPES
MATPRN Tqoy90//8
MERGE y 499 KAALGE,/<55TS
FeKGOT/KTS
:DETKgéé ;Y ;RE CONST IEITD A5 SCRATAON NATA SLJCKS AND MUST NOT At
$ REFERENCED IUTSINE LF LUAPSY
EQUIV KT ,KGG/TRUE $
MFRGE, oo s MAALE,/7%v,,»T8
ADD GG MG T/MTE
FQUIV AT 4G5/ Tk
CNND SMSFF2, ISTFSEE ¢
SEEMAY KGGyoeoe// 8 PRINTS LIICATL N iF NON=ZER) TEKMS OF KGG MATRIX
LABEL SYSFE2 §
CIND MMSEE2,MASSSCE §
SFEMAT YGGyese// 8 PRINTS LICATICN OF NIN-=ZEWC TEPMS GF MGG MATRIX
LAREL 4MS<E2 8
REPTY LOOPA9,48

$ THE & IN REPT LNIPG9,48 !VDICATES THAT LOOPS9 IS GUNE THROUGH 5 TIMES

$ TN CHANGE NUVYBER OF [JE'TICal Su3STRUCTUJRES ANALYLED FkOM 5,
$ CHANGFE THIS NUAHER T INe LESS THAN THE NUMBER CF 1OENT ICAL
$ SUASTRUCTURZES

$ END L7NP 99

ALTER 5,54

ALTER 105,106

QUTPUT] LAMA, o0 /7/0 4 Ny=1/7C9Ny08

$ PARA'N //C NyNPP/V N, 1PL#) 8 SIX TAPES

INPUTTL /Q190209¢/CeN9s=3/Chdel 8 INPLl == TWJ TAPES
LABEL L(.OP98S

$ PARAM //7CoNoANDI/V o N 1PL/Ve N IPL/C oMy 8 SIX TAPCS
$ PRTYPARM //CyNyd/C NP1 & 31X TAFFS

$ INFUTTL /Quaes/Cria=34VeNyIPl & Stx TAPES
INPUTTL /0000070 )/ 0eNel 3 INPL == T} TAPES

$ Q CARPESPNANDS T7) F [Ny {NDO099

PARTN PHIG, o3/ 4P 4lcs0 /CaNo L

nuTPUT] PHIZwaor o/ 77 o%e070 4 NeNS

REPY LI)IP98,49

SOR2 CASECCsCSTY 2P Ty Tk i XINoSIL 0w e 33POTJLAMALCG o PHIG . 9/,
DAGLIOPHIG s s /CoNWHELGS

OFP OPHI%,000G e0e e/ /VeisCAR)INUS

ALTER 108,112

ALTER 114,115

ENDALTER

CEND
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R B AR, YA

LR R

P -

Phase I
Matrix Generation < Run I P
User
Tape 1
Phase II
Matrix
Checkpoint
Assenbly and
: II
Solution Tape 1 Run
User ’
Tape 2
Phase III
Displacement, Force
and Stress Recovery. > Run III
Differential ‘[———"-'""_"1 —p——
Stiffness Matrix ————
Generation
User
Tape 3 -
Phase IV
Matrix
Assembly and C::c:pgint Run LV
Solution P
User
Tape 4
Phase V
Displacement, Forc
and Stress Recovery Run V

Figure 2 - Substructure Runs for Static or Dynamic
(Natural Frequency) Analysis, with Differential Stiffness,

of lIdentical Substructures.

320

gs.

e




]

| : . g AR
,.am.« - P .\.: - P u&?ii“ﬁﬁknu:dw%%_% d ’ s ‘

!

321

peel

) -{T0JATV JO 9JBJING UO UIIIIBJ SS31350S] ITdwes - ¢ 2an3 1y

i 1 S aede o

. _.!i.liii

B P



